This paper describes an innovative Excel spreadsheet model, referred to as the Retrospective Method Pedagogic Spreadsheet Application, that has been successfully used in risk management and insurance, and personal finance courses to demonstrate the retrospective life insurance method. The model can also be use in a principles of finance course to illustrate the time value of money. There are numerous pedagogic benefits of modeling life insurance funding in a spreadsheet application, especially when class time is limited. Our method provides an intuitive understanding of the sophisticated mathematical and statistical models common to actuarial science. The model is quite flexible and can be applied to life insurance policies (e.g., interestsensitive whole life and universal life products) reflecting a variety of fee, expense, surrender charges, guaranteed or projected costs of insurance, current interest rates or interest rate scenarios. Furthermore, interest sensitive policy values may be generated for any age, by gender, and any proposed premium payments. Given the interest rate sensitivity of the spreadsheet application, the paper also includes a discussion of how to utilize Monte Carlo simulation in investigating the impact of interest rate variability on insurance policy performance.
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The Retrospective Life Insurance Method:
A Pedagogic Spreadsheet Application
Introduction
There are two methods used to calculate life insurance policy cash values: the prospective life insurance method and the retrospective life insurance method. This paper demonstrates the retrospective life insurance method using an Excel spreadsheet application. We refer to our method as the Retrospective Method Pedagogic Spreadsheet Application (RMPSA).
There are pedagogic benefits of modeling life insurance funding in a spreadsheet application, especially when class time is limited. Our RMPSA has been successfully used in risk management and insurance, and personal finance courses and provides students with an intuitive understanding of the sophisticated mathematical and statistical models common to actuarial science.
This model may also be used in a principles of finance course to illustrate the time value of money. Generally speaking, 70 percent of the funding for a cash value life insurance policy is earned interest. For the interest-sensitive whole life and universal life products, interest can represent more than 90 percent of the funding. The importance of the time value of money concept is readily apparent.
Furthermore, the RMPSA is quite flexible. The model can be applied to interest-sensitive whole life and universal life policies reflecting a variety of fee, expense, surrender charges, cost of insurance, and interest rate scenarios. Additionally, insurance policy illustrations may be generated for any age, by gender, for common modal premium payment patterns.
This paper proceeds as follows: Section I highlights the pedagogic justifications and contributions of our model and Section II discusses the spreadsheet specifics by referring to the Excel cells and formulas. Section III and Section IV present applications of our method using interest sensitive whole life insurance and universal life policies, respectively. Section V describes how to analyze the impact of interest rate uncertainty in the model using Monte Carlo simulation. A conclusion is provided in Section VI.
I. Pedagogic Justifications and Contributions
Spreadsheet applications are well suited to and quite prevalent in finance education as evidenced by their early use as a pedagogic tool (see Chaney, 1982, and Tallman, 1983) . Steinberg (1991) provides an extensive learning theory argument for computer applications. By 1995, approximately 50 percent of all sample undergraduate intermediate finance and investment courses used spreadsheet applications (see Clinebell and Clinebell, 1995) . The immediate and multiple solutions to extensive mathematical problems provided by spreadsheet applications supports higher levels of theoretical, interpretative and conceptual learning (see Alonzi, Lange and Simkins, 2000 , Ghani and D'Mello, 1993 , and Lange, 1993 . Spreadsheets are also well suited for demonstrating life insurance methods because they provide an intuitive understanding of the complex mathematical and statistical models employed.
Four important pedagogic advantages of the RMPSA are as follows. First, our model helps overcome the inherent difficulty of an iterative solution in insurance models. Second, the model simplifies analysis involving the co-determination of the cash value factors. Third, the model provides an immediate solution to computational questions involving thousands of calculations. Fourth and more broadly, the model provides intuition into conceptually and analytically difficult topics.
There is an increased need for insurance education in the finance curriculum because of recent changes in the institutional and legal environment. Banks are now permitted to engage in insurance underwriting directly through operating subsidiaries with the passage of the Gramm- Accordingly, we believe our model provides an intuitive way of including insurance in a current finance curriculum as a time value of money application, so that students are better equipped for the changing marketplace.
The retrospective life insurance method would first appear to be rather straightforward (Black and Skipper, 1994 Cherry (2000) .
II. Retrospective Method -Pedagogic Spreadsheet Application
Our spreadsheet program is based on the retrospective life insurance computation method applicable to interest-sensitive whole life (ISWL) and universal life (UL) products (refer to Black and Skipper, 1994 , Bowers et al, 1997 , and Jordan, 1991 Next, the Excel input cell reference (Column-Row) is shown first in ALL CAPS, followed by an explanation of the program setting and description of the variables.
• C3 Age = 25. Issue age of the insured.
• C6 Near/Last = 0. Default = 0.
Near/Last is the number of months between the insureds date of birth and the policy issue date. This allows the cost of insurance to be based on the insured age as of the last birthday prior to the policy anniversary date, Default = 0, or insured age nearest birthday, the number of months between the insureds date of birth and the policy issue date.
The beginning premium of $679.69 may be found by using the Goal Seek Excel Tool, described below. The beginning premium based on the guaranteed cost of insurance and guaranteed interest rate may be interpreted as the premium that would be required on a traditional whole life product for a $100,000 policy on a female age 25, the current policy example. For example, the traditional whole life premium computed by the prospective premium computation method [Black and Skipper (1994) , Bowers et al (1997) , Jordan (1991) ] or guideline premium under IRS Revenue Code 26 Section 7702 would be $689.50.
• D6 #Years = 70.
Premiums are payable to age 95 or for 70 years. The spreadsheet permits any number of premium payments from single premium policies, 10 Pay Life, paid up at 65, age 95 or age 100: #Years = 1, 10, 40, 70 and 75 respectively.
• E3 Gender = 2. Male =1, Female =2.
• E6 Payment Mode = 12.
Premiums may be paid monthly, quarterly, semiannually or annually: Pmt Mode = 1, 3, 6, 12 respectively. • G3 Expense $ = $35.
• G6 #Years = 70.
The Expense amount is an annual value, but is assessed on a monthly basis.
• H3 Fee % = 4%.
• H6 #Years = 70.
The policy fee is a percentage of the premium and is assessed when the premium is paid.
Policy fees and expenses for ISWL and UL products vary by insurer. Some policies have both an annual expense often designated as a dollar amount and premium fee calculated as a percentage of premium paid [A.M. Best's Flitcraft Compend, 1986 . Gold (1994) found the first year median expenses and fees to be 30% of the premium. Subsequent annual expenses and fees were approximately 7% of premium.
The spreadsheet allows any combination of expenses and fees, for any combination of time periods. For example, one could replicate a policy that has a higher first year expense by changing G3, Expenses, to the first year amount and G6, #Years, to 1.
• I3 Guaranteed Interest Rate = 4.50%.
Guaranteed rates during the 1980's and 1990's varied by insurer from 4% to 5% [A.M.
Best 's Flitcraft Compend, 1986 • I11 Guaranteed Factor = 1.003675.
Interest is credited on insurance polices at effective rates, thus the guaranteed interest factor is equal to 1 plus the guaranteed rate to the one twelfth or (1.045)^(1/12).
• J3 Current Interest Rate = 4.50%.
Originally set at the guaranteed rate of 4.50%. Credited interest rates on ISWL and UL polices during the 1980's and 1990's varied from under 6% to over 11% [A.M.
Best 's Policy Reports] . Changing J2 the current interest rate demonstrates the impact interest rates have on life insurance policy accumulation values.
• J11 Current Factor = 1.03675.
Interest is credited on insurance polices at effective rates, thus the current interest factor is equal to 1 plus the current rate to the one twelfth or (1.045)^(1/12).
• I4 Projected Interest Rate = 1.
The current, 1, or yearly, 2, code creates policy accumulation values using either the current interest rate for each year or a different interest rate for each year. Changes in interest rates or different interest rate scenarios [Carr and French (1989) ] may be explored by setting the I4 Current/Yearly code to 2, and entering the yearly interest rates in Y17:Y41, discussed below.
• L3 Death Benefit = $100,000.
Any death benefit amount may be entered. The death benefit is automatically increased according to Revenue Code 26 Section 7702 minimum death benefit requirements.
• L6 Type A/B = 1.
Code is applicable to universal life in which a level, type A = 1, or increasing, type B = 2, death benefit may be selected. Under type B, the death benefit is equal to the face amount plus the accumulation value.
-RMPSA Output • C16 Value Age = 65
• C17 Value Age = 95
RMPSA Output values for any desired age may be shown by changing cells C16 or C17. Age 65 is the standard reference year value, while age 95 represents the value at policy maturity.
• D16/17 Accumulation Values @65 = $41,890, @95 = $100,000
• E16/17 Death Benefit @65 = $100,000, @95 = $100,000
• G16/17 Cumulative Premiums @65 = $27,188, @95 = $47,578
• H16/17 Cumulative COI @65 = $13,410, @95 = $64,725
• I16/17 Cumulative Expenses @65 = $2,488, @95 = $4,353
• J16/17 Cumulative Interest @65 = $30,600, @95 = $121,499
The RMPSA Output is a significant pedagogic opportunity. Life insurance funding may be seen in very simplistic valuation terms; specifically premiums paid, expenses paid, cost of insurance purchased, interest earned, and the resulting accumulation values and death benefits.
For example, the policy funding by age 65 included $27,188 in premiums and $30,600 interest earned, for a total funding amount of $57,788. The funding paid $13,410 for the cost of insurance, $2,488 in expenses and fees, leaving $41,890 as the accumulation value. Also referred to as a cash value corridor, the code requires that the policy death benefit be a greater than or equal to a specified percentage of the accumulation value. The minimum death benefit is 250% of the accumulation value up to age 40, declining to 100% by age 95.
• AL17:AM35 Surrender Charges Surrender charges are stated as a percentage of the accumulation value for the first 15 years of the policy.
C. RMPSA Policy Values
The Retrospective Method Pedagogic Spreadsheet Application is quite flexible. Life insurance policies reflecting a variety of ISWL and UL fee, expense, surrender charges, current interest rates or interest rate scenarios, and current cost of insurance assumptions may be generated for any age, by gender, and for any proposed premium payments. The flexibility of this model is necessary as actual interest rates, mortality charges, expenses and fees vary widely across policies [Black and Skipper (1994) , Gold (1994 ), A.M. Best's Flitcraft Compend 1986 . For instance, Chung and Skipper (1987) In summary, Exhibit 1 shows the original values of a life insurance policy with premiums payable to age 95, for a female age 25, given a 4.5% guaranteed rate of interest, and guaranteed mortality charges. Exhibit 3 provides the annual Policy Values allowing a clearer view of the insurance policy funding assumptions versus Exhibit 1which contains the monthly RMPSA calculations.
III. Interest Sensitive Whole Life Policy Computation
As noted above, the accumulation value at age 65 is $41,890 and $100,000 at age 95, based on the guaranteed interest rate and guaranteed cost of insurance. However, the basis for the name -Interest Sensitive Whole Life -is the current interest rate is credited, with the guaranteed rate serving solely as a minimum interest rate. Further, the cost of insurance is determined by current mortality experience, with the guaranteed mortality charges representing the maximum charge possible. We next illustrate the solution to three ISWL computational questions to demonstrate the flexibility and pedagogic value of the RMPSA model It is important to note that the last increase in accumulation values is due to two reasons:
(1) the reduction in the cost of insurance, and (2) The solution is an iterative exercise, changing the number of payments, D6, until the accumulation value at age 95 is equal to or greater than the original $100,000. The iterative process offers significant pedagogic insight into the time value of money as the result is generally found quite surprising. Exhibit 6 contains the results of the iterative solution processseven premium payments. Six payments are not sufficient to fund the policy to maturity; that is, the policy lapses prior to maturity, evidenced by the accumulation value at age 95 equal to zero.
Additional applications shows 8 payments are required to provide an accumulation value at age 65 comparable to the originally guaranteed values, $45,211 versus original $41,890.
IV. Universal Life Policy Computation
The overall question for UL is the same as for ISWL: Can the life insurance policy be funded with fewer insured out-of-pocket dollars assuming current cost of insurance and current interest rates? The application of the retrospective method for UL polices however differs from ISWL polices in that it is not the number of premiums, but the premium itself that is reduced.
The process can be viewed as a discounted premium based on the assumed higher credited interest rates and/or lower mortality charges.
Exhibit 7 illustrates the solution to the UL spreadsheet application question is: What would the UL premium be with a goal of $100,000 accumulation value at age 95. In other words, what premium is necessary to achieve a policy value of $100,000 at age 95 assuming a 8% interest rate and current cost of insurance? The Excel Tools/Goal Seek function can be used to calculate the required premium by selecting "Tools", "Goal Seek", and inputting:
Set cell = D17
To value = 100000
By changing cell = D3.
As shown in Exhibit 7, the UL minimum premium solution is $264.57. This is a reduction from the beginning premium of $679.69 shown in Exhibit 1. Comparing RMPSA Data
Output for Exhibits 1 and 7, reveal the savings in premium dollars with cumulative premiums declining at age 65 from $27,188 to $10,583.
V. The Impact of Interest Rate Uncertainty Using Monte Carlo Simulation
As 
Exhibit 8 illustrates and describes the steps for using Crystal Ball together with Monte
Carlo simulation to analyze interest rate uncertainty. For illustration purposes, it is assumed that mean annual interest rates will decline from 8 percent to 5.75 percent over the life of the insurance policy. Other input values are as discussed for Exhibit 7.
Step 1 illustrates the selection of the probability distribution for each interest rate variable over the policy life. In this example, a lognormal probability distribution is assumed and the standard deviation of interest rates is estimated to be 10 percent of the current rate. Of course, different assumptions for the distributions and interest rate volatility can be used and will produce different simulation results.
For example, other commonly used distributions in simulation analysis are normal, triangular, and uniform.
Step 2 of Exhibit 8 describes how to select the forecast variable (i.e. the age 65 accumulation value in Cell D16) for the simulation results.
Step 3 presents the frequency chart generated by 1000 simulation runs in Crystal Ball. This chart displays the range of possible outcomes for accumulation values in Cell D16. As shown in Exhibit 8, the age 65 accumulation value declines from the Exhibit 7 value of $25,540 to a range of $8,977 to $11,476. By entering $10,000 in the lower-left field of the frequency chart, the likelihood of achieving a $10,000 accumulation value can be determined. As shown, the probability of achieving an accumulation value of $10,000 is forecast to be 66.4 percent. It is important to note that finding the certainty of achieving a particular results is often the goal of a model analysis. It is insightful to note that the age 95 accumulation value lapse prior to maturity in all simulation runs (see Cell L3).
Although not illustrated in this exhibit, an increase in cost of insurance or greater decline in interest rates would cause the policy to lapse prior to age 65.
It is important to understand how much a given assumption, such as interest rate forecasts, affects the insurance policy results. As shown in Because of recent changes in the institutional and legal environment, there is an increased need for insurance education in the mainstream finance curriculum, so that students are better equipped for the changing marketplace.
This spreadsheet application provides an intuitive understanding of the sophisticated mathematical and statistical models common to actuarial science. The model has been designed to be very flexible, allowing the user to apply the model to both interest-sensitive whole life and universal insurance policies. The model can be used for a variety of fee, expense, surrender charges, current interest rates or interest rate scenarios. Additionally, current cost of insurance assumptions may be generated for any age, by gender, and for any proposed premium payment.
It is also easy to illustrate the impact of interest rate uncertainty by employing Monte Carlo simulation using software such as Crystal Ball.
The important pedagogic advantages of are model are as follows. First, our model helps overcome the inherent difficulty of an iterative solution in insurance models. Second, the model simplifies analysis involving the co-determination of the cash value factors. Third, the model provides an immediate solution to computational questions involving thousands of calculations.
Fourth and more broadly, the model provides intuition into conceptually and analytically difficult topics.
Exhibit 8 The Impact of Interest Rate Uncertainty Using Monte Carlo Simulation and Crystal Ball


This exhibit illustrates how to analyze the impact of interest rate uncertainty using Monte Carlo simulation and Crystal Ball. The following steps show how to analyze the impact on accumulation values assuming an annual interest rate volatility equal to 10 percent of the forecast rate. The forecast values represent an overall decline in interest rates from 8 percent to 5.75 percent over a 10-year period.
Steps Using Crystal Ball (CB):
Step 1. Set up the probability distribution for each interest rate variable. For example, a lognormal probability distribution is chosen for the interest rates in each policy year (see Exhibit 2 for input cells discussed earlier). The illustration below shows the input information for Cell Y22.
Step 2. Once the distributions are defined for all variables, it is necessary to identify which output variable(s) will be examined. In the RMPSA model, we want to analyze the impact of interest rates on accumulation value at age 65 (see Cell D16 below). By selecting the "Define Forecast" icon in Crystal Ball, the following input cell appears. Cell D16 (also named accumulation value) is entered in the forecast name input cell.
Exhibit 8 Continued
Step 3. Now, the simulation can be run in Crystal Ball. As the simulation generates output values in Crystal Ball, the frequency chart can be viewed as it is constructed. The frequency chart below displays the simulation output for 1000 runs. Using this frequency chart, it is possible to determine not only the range of possible outcomes for accumulation values, but also the likelihood of their occurrence. For example, by entering $10,000 in the lower-left field of the frequency chart output, the likelihood, or certainty, of achieving a $10,000 accumulation value can be determined. As shown below, the chance of achieving this accumulation value is forecast to be 66.40%.
Step 4: It is important to understand how much a given assumption, such as interest rate forecasts, affects the insurance policy results. By selecting Crystal Ball's "Sensitivity Chart" feature, it is possible to analyze the contribution of each interest rate forecast variable to the age 65 accumulation value. As shown below, the age 65 accumulation value is most sensitive to the Cells Y41, Y55, Y46, Y42, Y50, Y48, Y44, Y56, Y52, and Y40. The sensitivities are displayed as a percentage of the contribution to the variance of the forecast. Other display options are available in Crystal Ball.
